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In pursuit of better reconstruction results, in this paper, we propose the following fraction minimization: $$\documentclass[12pt]{minimal}
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The rest of this paper is organized as follows. Some preliminary results that are used in this paper are given in Sect. [2](#Sec2){ref-type="sec"}. In Sect. [3](#Sec3){ref-type="sec"}, we propose an iterative fraction thresholding algorithm to solve the regularization problem $\documentclass[12pt]{minimal}
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Preliminaries {#Sec2}
=============

In this section, we give some preliminary results that are used in this paper.
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In this section, we establish a thresholding representation theory of the problem $\documentclass[12pt]{minimal}
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Thresholding representation theory {#Sec4}
----------------------------------
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### Theorem 1 {#FPar3}
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### Proof {#FPar4}
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### Theorem 2 {#FPar5}
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### Proof {#FPar6}
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Adjusting the values for the regularization parameter $\documentclass[12pt]{minimal}
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In this subsection, the cross-validation method (see \[[@CR9], [@CR10], [@CR12]\]) is accepted to automatically adjust the value for the regularization parameter $\documentclass[12pt]{minimal}
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### Remark 1 {#FPar7}

Notice that ([26](#Equ26){ref-type=""}) is valid for any $\documentclass[12pt]{minimal}
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Iterative fraction thresholding algorithm (IFTA) {#Sec6}
------------------------------------------------

Based on the thresholding representation ([23](#Equ23){ref-type=""}) and the analyses given in Sect. [3.2](#Sec5){ref-type="sec"}, the proposed iterative fraction thresholding algorithm (IFTA) for regularization problem $\documentclass[12pt]{minimal}
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### Remark 2 {#FPar8}

The convergence of IFTA is not proved theoretically in this paper, and this is our future work.

Numerical experiments {#Sec7}
=====================

In the section, we carry out a series of simulations to demonstrate the performance of IFTA, and compare them with those obtained with some state-of-art methods (iterative soft thresholding algorithm (ISTA) \[[@CR6], [@CR7]\]), iterative hard thresholding algorithm (IHTA) \[[@CR6], [@CR7]\]. In our numerical experiments, we set $$\documentclass[12pt]{minimal}
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Figure [8](#Fig8){ref-type="fig"} shows the success rate of three algorithms in the recovery of a sparse signal with different cardinality. In this experiment, we repeatedly perform 30 tests and present average results and take $\documentclass[12pt]{minimal}
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The graphs presented in Fig. [8](#Fig8){ref-type="fig"} and Fig. [9](#Fig9){ref-type="fig"} show the performance of the ISTA, IHTA and IFTA in recovering the true (sparsest) signals. From Fig. [8](#Fig8){ref-type="fig"}, we can see that IFTA performs best, and IST algorithm the second. From Fig. [9](#Fig9){ref-type="fig"}, we see that the IFTA has the smallest relative error value with sparsity growing.

Conclusion {#Sec8}
==========

In this paper, we take the fraction function as the substitution for $\documentclass[12pt]{minimal}
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                \begin{document}$a>0$\end{document}$, our algorithm could get a promising result, which is one of the advantages for our algorithm compared with some state-of-art algorithms. We also provide a series of experiments to assess performance of our algorithm and the experiment results have illustrated that our algorithms is able to address the sparse signal recovery problems in nonlinear systems. Compared with ISTA and IHTA, IFTA performs best in sparse signal recovery and has the smallest relative error value with sparsity growing. However, the convergence of our algorithm is not proved theoretically in this paper, and it is our future work.
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